Background and Purpose: Population-based patient materials have not been used earlier in assessing the effects of neurosurgical treatment on survival and functional outcome of subarachnoid hemorrhage. Moreover, the proportion of all subarachnoid hemorrhage patients who might be candidates for neurosurgical treatment has not been estimated.
T he timing of aneurysm surgery after subarachnoid hemorrhage (SAH) is controversial. Early surgery during the first few days of onset prevents recurrent bleeding but possibly at the expense of more frequent surgical complications. Delayed surgery has been considered less risky but seems to be associated with increased risk of recurrences and ischemic complications. The nonrandomized International Cooperative Study on the Timing of Aneurysm Surgery1'2 was unable to settle this controversy; the overall treatment results were essentially the same regardless of the timing of surgery. The results of one randomized study on timing of surgery favored early surgery (days 0 to 3) compared with surgery on days 4 to 7 or later, measured by management mortality and independence at 3-month follow-up. 3 Conversely, the survival of SAH patients with delayed surgery was substantially better than that of patients from a previous community-based study of stroke.4 This study is, to the best of our knowledge, the only one in which population-based data have been used to assess the benefits of aneurysm surgery.
In the present study, we used the results of two population-based series of patients to measure the effects of a policy of active and early aneurysm surgery on the survival and functional outcome of SAH compared with a more conservative treatment approach. We also estimated how large a proportion of all SAH patients in the population could, at least theoretically, have received neurosurgical treatment.
Subjects and Methods The present analysis is based on two epidemiological studies of primary SAH made in 1976 through 1978 and 1980 through 1987 in Central Finland (Fig 1) During the 1970s, the age of 60 years was considered to be the upper limit for surgery, the operation was delayed by two weeks after the bleeding, and vertebrobasilar aneurysms were not treated surgically. In 1980, the surgical treatment policy changed: all age limits were abandoned, surgery was scheduled as early as possible, and aneurysms of the vertebrobasilar territory were operated on early.7
For comparing the results of these two treatment policies, 3-week and 3-year survivals and functional outcome at the end of follow-up were used. After a median of 4 years, a questionnaire that included items on the degree of independence in activities of daily living was sent to the survivors in both studies, and from these we estimated functional status using the Rankin grading.8 In case of death, the death certificates as well as the medical and autopsy reports were checked.
The log-rank test9 was used to test the significance of the difference in survival between the groups; the 2 test was used to test the difference in proportions. The incidence rates were adjusted for age and sex to the population of Finland in 1980 by the direct method, and the confidence intervals (CIs) of the incidence rates were calculated according to the method of Schoenberg.10 Results In 1976 through 1978, a total of 146 patients had SAH, and the corresponding number in 1980 through 1987 was 351, of whom 6 (4%) and 19 (5%), respectively, had had the first bleed before the study period (Table 1 ). An arteriovenous malformation was the source of the bleeding in 1 (0.7%) and 4 (1.1%) patients, respectively. The age-and sex-adjusted annual incidence of first-ever SAH per 100 000 population was 20.1 (95% CI, 17.0 to 23.9) in 1976 through 1978 and 16.4 (95% CI, 14.7 to 18.2) in 1980 through 1987. The age and sex distribution, the proportion of deaths before admission, the time interval from onset to admission, and the state of consciousness on admission were similar in the two patient groups ( Table 2) .
The more active treatment policy in the 1980s is obvious from Table 3 . Confirmatory radiological examinations were performed significantly more frequently in the 1980s. In both materials, most angiographed patients had bilateral carotid angiography. In the 1980s, every sixth patient also had vertebral angiography, which was not performed during the previous decade. Consequently, the prevalence of patients with verified aneurysms was higher in the 1980s. The proportion of patients treated surgically was 46% in the 1980s and 14% in the 1970s; in patients younger than 60 years old, the corresponding figures were 59% and 23%, respectively. In 1980 through 1987, 45% of the patients were operated on during the first 3 days and 70% during the first 7 days of onset, compared with none of the patients in 1976 through 1978 (Table 3 ). The distribution of the preoperative Hunt and Hess grades" was similar during the 1970s and the 1980s; 65% and 61% were grades I or II, 30% and 29% were grade III, and 5% and 10% were grades IV or V, respectively.
The most frequent reasons for not operating in 1976 through 1978 were technical difficulties, too long a delay (more than 1 month) after SAH (21 patients), or death caused by recurrent bleeding (6 patients (Fig 2) , and at 3 years 52% versus 49% were alive (Fig 3) . The differences were statistically nonsignificant.
The functional outcome 4 years after onset of SAH was estimated on the basis of data from the completed questionnaires obtained from all but three survivors. The active treatment policy adopted in the 1980s resulted in a significantly better outcome compared with the more conservative policy practiced during the 1970s (Table 4) . Of the survivors in the 1980s, 82% were totally independent, compared with 64% in the 1970s (X2=9.6; P=.002).
The 351 patients who had SAH during 1980 through 1987 formed the basis for our estimate of how large a proportion of all SAH patients in the population could, at least in theory, have received neurosurgical treatment. In our study, 47 (13.4%) died a sudden death and were not admitted to a hospital. Of those admitted, 42 patients died on the day of admission (Fig 4) . Three quarters of these 42 patients were deeply comatose, and surgical treatment was ruled out. The others were noncomatose (many were, in fact, alert), and emergency diagnosis and surgery might have saved at least those 9 with ruptured arterial aneurysm.
In 193 of those 262 patients who were alive 24 hours after admission, the source of the bleeding was shown to 
Discussion
On the basis of two epidemiologically representative series of patients, we analyzed the impact of an intensified neurosurgical treatment policy on the outcome of SAH: abolition of the age limit of 60 years that was applied in Finland in the 1970s mainly because older patients were thought not to benefit from surgery,12 but also because of lack of resources, inclusion of vertebrobasilar aneurysms, and an attempt at early timing of surgery. The end points of the study were 3-year survival and functional outcome 4 years after the SAH. We fully agree with Sundt and Whisnant4 that a population-based approach is the only way to examine the full spectrum of the SAH process. Reports on treatment results for SAH come exclusively from highly specialized centers, where the patient series are biased by various selection factors. Many patients die before admission, and the very old patients and other poor surgical candidates are often excluded from the analysis.
In the present series, we compared the results of a policy of active surgical treatment during the 1980s with those of a more conservative policy applied during the 1970s. The similarity of the case-findings methods and the basic characteristics of the two patient materials (Table 2 ) and the identical nonsurgical treatment policy during the 1970s and the 1980s may allow such a comparison, despite potential biases always inherent in historical controls. The nonsignificantly lower incidence of SAH in the 1980s may be a result of stricter application of the criteria set by Pakarinen.6 On the other hand, none of the patients in the 1970s had CT, compared with 51% of patients in the 1980s. The treatment was not randomized, but the proportion of patients having surgery tripled from 14% in the 1970s to 46% in the 1980s, and the median delay from onset to surgery was shortened from 15 days to 4 days. Despite the more active treatment policy in the 1980s, survival improved only marginally (Figs 1 and 2) . Neither was there a significant difference in the subgroup of patients younger than 60 years, although the proportion operated on more than doubled (from 23% to 59%) from the 1970s to the 1980s. Our results are at variance with those from Rochester, Minn, where surgically treated patients obviously fared better than the patients from an earlier population study.4 The earlier timing of surgery in the 1980s is perhaps only of minor importance, as has been found in the large, also nonrandomized cooperative study.2 In one randomized3 and another nonrandomized study13 from Helsinki, early surgery improved survival.
The more active surgical policy in the 1980s resulted in a significantly better functional outcome: after the 4-year follow-up, 82% of the survivors were independent in daily living compared with 62% of those treated in the 1970s. This differs from the results of a study in which the increased surgical activity and a shorter delay did not improve functional outcome. 13 
